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ABSTRACT

Systematic relationshipgmongmembers of tha@rillium erectumcomplex .
cernuumL., T. flexipeRRafinesqueT. simileGleasonT. rugeliiRendle T. erectuni., T.
sulcatumT. Patrick andT. vaseyiHarbison) are not well described. For the purposes of
conservation and cataloguing biodiversity it is important to know the phylogenetic
relationshipsamongtaxa and quantify gene floamong thesaybridizing taxa. A study
of pollinator fidelity andgeographic isolation waonductedused in cenbinationwith
cladistic relationships inferred from chloroplast DNA sequencing and genetic distance
inferred from allozyme electrophoresiata The level of genetic divergence typically
seenamongspecies whin the family Trilliaceae wasonsiderably higher #m that
observecamongmembers of the Erectum complex. Allozyme data suggest a high degree
of gene flowamong sympatritaxa, andocal habitat selection pressures. However, these
data also suppothe hypothesisof assortative mating between different floral colors as a
factor maintaining species distinctiveness. The Erectum complex taxa appear to be sets of

hybridizing groups in states of incomplete speciation.



INTRODUCTION

Along the southernange of the Appalachian Mountains are found 11 described
species of pedicellatirillium; six of these are known to hybridize with varying levels of
introgression (Case and Case, 1997). These six taxa, alongriithm cernuumL., a
species restricted thortheastern North America, form the monophyletic Erectum (group)
complex of the genusrillium (Farmer and Schilling, 2002). Phylogenetic relationships
within the Erectum complex have not yet been discerned; researchers have not been able
to find informative genetic variation among taxa. Members of this group can hybridize
and the hybrids appear developmentally normal and interfertile, yet these taxa are
considered distinct (Case and Case, 1997). From this situation arise questions of how
taxonomic grops are distinguished as species and what barriers maintain species
distinctiveness. Certain species are found in sympatric populéliersctumand
T.rugelii), while the ranges of other species barely ovefapaseyandT.sulcatun.

The production ofully developed, fertile offspring through hybridization suggests there

is no genetic basis for reproductive isolation and these taxa are not fully diverged (Grant,
1981; Coyne and Orr, 2004T.his complexappeas to behave as a syngameon or semi
speciesas described by Gra(l1981) having no evidence of intrinsic reproductive

barriers, hybridization that could lead to introgression, and distorted morphological
boundaries (Grant, 1981pistributionsof taxa within theTrillium Erectum complex
suggesthere maybe extrinsic geographical (between allopatric taxa) or ecological

isolating mechanisms (between sympatric taxa). Examples of possible geographic
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barriers could be the Appalachian Mountains or the Tennessee River, and examples of
ecological isolahg mechanisms can range from selection for different habitats,
pollinators, or temporal isolation (Coyne and Orr, 2004ese extrinsibarriers are not
complete and are known to be Al eaky, o allo
intrinsic reinforement mechanisms (Grant, 1981; Coyne and Orr, 2004). Extrinsic
mechanisms are also reversible, meaning that disturbance or removal of a barrier could
lead to homogenizing of populations into a single conspecific gene pool, translating into

the loss of spees diversity.

The objectives of this studyerethreefold: qualify barriers to gene flow within
theTrillium Erectumcomplex, quantify levels of introgression among taxa,tand
identify whether discrete taxonomic units exist as defined under the RBial@&pecies
Concept(Mayr, 1982) Each of these objectives will be addressed in the following
chapters of this thesis. Chapter One contains background information on the biology and
taxonomy of the Erectum group and summarizes previesearchChapterdwo and
Three address the question of extrinsic reproductive barriers and seek to describe those
that may occur, including pollinator isolation and geographic and ecological isolation.
Chapters Four and Fivexaminegene flow among taxa using two formsnoblecular
data, cpDNA sequences and allozyme profiles. Finally, Chapter Six contains a discussion
of species boundaries in the Erectum group in light of my findings from the previous

chapters.



CHAPTER ONE BACKGROUND

Backgroundo taxa

The genudTrilliumis comprised of londived herbaceous flowering plants; all
but one speeis (rillium camschatcendéer Gawlerfound in Asia)are found in North
America (Case and Case, 199TJillium plants typically produce one or more scapes
(depending on age) from a rhizome (Hanzawa and Kalisz, 1993; Case and Case, 1997).
Each scape bears a single, trimerous flowdich may be erect or declined, and three
leafy bracts. The true leaves are found below ground on the rhizome. The flowers are
perfect, with a flaskto globularshapedsuperior ovary and six stamens that vary in size
and shape depending on the taxari®dale, 199). Petal and sepal colors can vary from
bright white to deep purplish reds; they also may be yellow or streaked with a variety of
colors (Figure 1Tablel, AppendixA). The individualtaxahaveslightly staggered
flowering times starting ustlly from early March (but as early as late January) up until
late June (but as late as August)the Appalachian habita€Case and Case, 1997Each
taxoncan have a wide array of pollinators that varies by species, habitahe of day
(Gonzales eal., 2006; Griffin and Barrett, 2002)rillium are generally selfompatible
but with varying levels of inbreeding depressions that result in highly redueddstor

fruit production (Wright et al., 2008; Sage et al., 2001


http://en.wikipedia.org/w/index.php?title=Trillium_kamtschaticum&action=edit&redlink=1
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Figurel: Photographsf each member of the Erectum complex with their respective
color variants. AT. flexipesB: T. simile C: T. rugelii; D: T. cernuumE: T.
erectum F: T. vaseyi G: T. sulcatumPictures ofl. cernuumT. flexipestaken by
Frederick Case and picturesTafsulcatunby Thomas Patrick.

Trillium species produce secondary metabolites that are both harmful and
beneficial to humans. Asian specieslaflium are being used to develop multidrug
resistance inhibitors for canceeatments from the steroidal alkaloids found in the
rhizome(Yokosuka androshihiro, 2008. The North American species are known to

have antimicrobial, antifungal, and antibacterial properties, and can be used as a uterine
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stimulant (Case, 2008). Somerigeof the plant can cause serious pain, injury, and even

death if consumed (Case, 2008).

Taxonomy

There is much debate surrounding the familial placementilitim and
arrangement of lower taxa within the gendsillium is currently treated as a mbsar of
the family Trilliaceae by A. WeaklefWeakley, 2006)a family which first became
recognized in 1846 (Lindley cited in Farmer, 2006). Yet the Angiosperm Phylogeny
Group considers Trilliaceae to be synonymous with Melanthiaceae, and does not
recogniz it as a separate entity (Stevens, 2001). Within the getilism the pedicellate
flowered taxa (subgenusillium) and the sessile flowered species (subgenus
Phyllantherun) (Case and Case, 1997ave been separateBubgenu#hyllantherums
acceptedis a monophyletic sugroup of 22 specieand an arrangement of lower taxa
within that group has been published and widely accepi@aner, 2006) Several
methods of cladistic analysis using a variety of data sets have led to resolution of several
different cladesvithin the sulgenusTrillium (Figure2: Farmer, 2006; Osaloo et al., 1999;
Ihara and Ihara, 1978). The most recent phylogenetic study by Farmer (2006) is
consistent with that of Osaloo et al. (1999, Figure 2) and shows that members of the
Erectun complex are monophyletic. Within the Erectum Complex relationships are

uncertain.
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VOLLME 12 Trilbsstra Prplngany asd Ringrogrephy e

Trillium

& Td. govanianum  e———— Trilficlium
T. ovatum var. cwalum

:
Trillieae

T, raleinmm Trillfm

Figure 2.Phylogenetiaelationshipswithin the pedicellate Trilliums. AFarmer

2006. B:Osalooet al. 1999

A classificationof lower taxawithin subgenudrillium based on morphological

characteristics such as ovary shape and color, stigma length and curvatstanserd



13
morphologywas defined by Barksdale (1939, Figur
Mi |l | amdés mol ecul adiffeneriiatesTougdrlatenVildenow, tvhich i e s
has a Jangled ovary, from the Grandiflorum group grandiflorum(Michx.) Salisbury,

T. catesbeklliot, andT. pusillumMichaux), which haa 6-angled ovary, and the
Erectum groupT. cernuunl., T. flexipeRafinesqueT. simileGleasonT. rugelii
Rendle T. erectuni., T. sulcatuni. Patrick andT. vaseyHarbison), which haa 6
angled ovary and rhombic leav@he evolutionary relationshgmmong taxa belonging
to the Erectum groupemainunresolved (Miam, 2006; Farmer, 2006)ith the current

taxonomic divisions between taxa within the complex based morphological differences

only.
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Figure 3. Hypothesis of relationships in pedicell&idium based on ovary morphology

(Barksdale, 1939).
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The Eectum Complex has been accepted as a monophyletic group within
subgenudTrillium (Farmer, 2006, lhara and lhara, 1978, Millam, 2006; Osaloo et al.,
1999) The complex is composed of the following taXallium cernuum, T. flexipes, T.
simile,andT. rugelii, which are typically white flowered; arid erectum, T. sulcatum,
andT. vaseywhich are typically red floweredréble 1 contains detailed morphological
descriptions, AppendiR). The goalsof this projectwereto estimatethe phylogenetic
relationshps among members of the Erectum group, deterrhignificant levels of
introgressiorare preseramong taxaand determine possible ecological factors affecting

introgression.

Syngameons & Hybrid Complexes

The prevailing theme behind the Biological Sigs Concept (BSC; Mayr, 1982)
is that species are groups defined by only the populations which are included in a
particular gene pool and excludes all others that are intrinsically reproductively isolated
from that gene pool (Coyne and Orr, 2004). Thiscggs concept defines discrete groups
of taxa in the strictest and sometimes the most inclusive sense. This definition has not
been satisfactory to some because it may mask the total variation and diversity present.
There are many of other species consdipat have been published and widely used in
taxonomy that are based on character state, evolutionary cohesion, and interbreeding
(Coyne and Orr, 2004). Either way you define a species there are problematic
exceptionssuch asybridization and introgreson, that blur morphological

distinctiveness.
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Many groups of taxonomically distinguished sister taxa are known to hybridize

naturally and produce fertile offspring (Coyne and Orr, 2004). Groups of naturally
hybridizing taxa can be referred to as syngans (Lotsy cited in Stebbins, 1958), a
notable example being the White Oak syngameon found in Califgxmald et al.,
2009). These complexes are also referred to as semispecies (Grant, 1981), a term which
may be more descriptive of the true naturehefrtrelationship with one another. Grant
descri bes semispecies as occurring during
reproductive isolation, when populations are neither good races nor good species but are
connected by a reduced amountoéimtbr eedi ng and gene fl ow. 0
Strictly speaking, groups of interfertile populatiaosild be considered conspecific, but
Grant(1981) distinguishethese systems by limited gene exchaiiges y ngameons beh
like a wellisolated biologicbspecies on their outer boundary, but differ in their more
compl ex inteThreyl agter detfumed as At he most i
popul ation system in a hybridizing species
relationship can exidietween hybridizing taxa: the hybrid complex. A hybrid complex is
distinct from a syngameon in that hybrid races or species within the group exhibit stable
reproduction, and there are high levels of introgression among populations which have
distorted thanorphological boundaries between parent species (Grant, 1981). Although
the famed Louisiana Irises are thought to fit the syngameon model (Arnold et al., 2004),

they are probably a more accurate representation of a hybrid complex.

Members of the Erectusomplexmay bein the midst of a similar state of limbo
in their evolution and not much is known about the amount of genetic exchange that

occursamong taxa within the compleXhe taxonomic limits are described and defined
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by morphological characteristicsiost of which are variable and overkapongspecies

(Table 1 AppendixA).

ATaxonomy i s r andmanitoreothpohemts of plamtrdiversityyto
ensure conservation and sustainabl®useh i t ed Nati onsd Conventio
Article 7, pagye 20 Leadlg and Jury, 2006)Groups oftaxathatare not fully diverged
and maintain levels of introgressiare hardo differentiatetaxonomicallyfor practical
use in conservation managemewhenforming taxonomic groups it is importart t
realize thatssumptions about genetic cohesion and divergeithizn and among taxa
will be madeby those creating management plans (Leadlay and Jury, 2088pnomic
groups, unless otherwise specifiadhe literaturemaybe treated as independeg@ne
poolsand managed without regard to historical gene flow between other taxa.
Understanding the reproductive relationships between groups afaexa@ntribute to
information not only orturrent gene flow anpghylogenic relationships but also the
future trajectory of the organism and the ecological factors that influence it. Character

state delineations do not always offer the same ins{gktdlay and Jury, 2006)

Barriers to Gene Flow

To addressjuestions of species distinctiveness wittmtorid coomplexes and
syngameons, it is necessary to know about paths of gene flow within the complex, be
able to quantify gene flow, and know something about the barriers to gene flow. Patterns
in the fertility relationships of plargpecies baseareon life formand breeding system
(Grant, 1981). Grant describese patternt h eurid p a, asta ¢yperof fertility

relationship often seen I n ndfospe@esni al herb
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di fferences in floral me ¢ h aaribhabasaoselyGr ant |,
related species which are interfertile, yet have compatibility barriers within the complex
These taxare predominantly outcrossedlso, members of this complex wouidve
little difference in floral mechanism between species, andeosuthat do exist among
species are due to extrinsic or ecological factors (Grant, 1981). This pattern describes the

apparent breeding system in the Erectum complex.

Since the taxa in the Erectum complexiaflium are known to hybridize
successfully (prducing fertile offspring) in wild populations, it is difficult tetermine
the mechanisms that reinforce distigene podin sympatric populations. Introgression
among taxaould makefinding speciespecific genetic markers difficul particular
alele may be fix in a population or taxa but if there is hybridization and back crossing
that allele may be shared with individuals outside of the population or taxa and therefore
could not be listed as a species or population matdeasures of genetdistance may
correlate more with presence or absence of isolation barriers than with evolutionary
relationshig. Based on Gradts ( 1 9 8df the typicatfertility relationshipamong
perennials likeTrillium, reproductive isolation barriers could éerinsic (i.e.
ecological). These barriers could hold clues to the driving forces behind divergence in
this group. Since hybrids formed in this group are said to be developmentally normal and
fertile (Case and Case, 1997), there is no evidence that pmintsinsic barriers to gene

flow.

Members of the Erectum complex tend to be found in sympatric populafions

taxa from the opposite flower color group. The ranges described for most taxa do not
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overlap (or scarcely so) with the ranges of similar floesdored taxa (Figure 4).
Trillium individuals may haveelatively close pollen donorshown to be witim 2.2 m in
two species of pedicellatErillium (Irwin, 2001). Seed dispersal by ants is common in
this genus and has been shown to influence thetigestructure within populaticof T.
grandiflorum(Kalisz et al., 1999). Tdse patterns suggeakanotfound in sympatric or

parapatric populations would have very little gene flow.

Two types of extrinsic barriers to gene flow may exisEiilium: pre-zygotic
extrinsic barriers such as habiistlationand posizygotic extrinsic barriers such as
ecological inviability of hybrids (Coyne and Orr, 2004). The contrasting flower color
scheme in the Erectum Complex also suggests the presence of i@esordéng via
pollinator preference. This type of extrinsic {aggotic mating barrier would allow taxa
with different colored flowers to remain distinct in sympatry (Coyne and Orr, 2004).
Assortative matindpy pollinators happens when one particular grotipollinators visits
the same floral type in succession (Kearns and Inouye, 1993; Grant, 1981; Coyne and Orr
and Orr, 2004). A related concept that might also occaniodelof assortative mating
is floral constancy; this is a characteristic of anvirdiial pollinator in which it visits the
same floral type repeatedly and in succession (Kearns and Inouye, 1993; Grant, 1981,

Coyne and Orr, 2004).

Assortative mating hageen documented in red and white campioBsele
dioica L. Clairv. and S. latifola Poir) using dyed pollen (Coyne and Orr, 2004) and
between white and pink phlo¥Pllox pilosalL. and P. glabermma L.) (Grant, 1981).

Phlox pilosaandPhlox glaberrma are both usually pink, buhere isa white variant of
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P. pilosa These species arelpnated by the same species of Lepidoptera (Grant, 1981).
The white form is usually rare in populations whErgilosais the only species present
butin sympatric populations with both species the white form is dominant (Grant, 1981).
Levin and Kergtr (1967 cited in Grant, 1981studied pollen movement between the
species and determined that five times as much pollen was depositeld. fgtaberrima
to stigmas of the pink form d?. pilosaas to the white form (Grant, 1981). This gave the
white forma selective advantage because it received less pollen from outside of its own
species (Grant, 1981). Similarly, in the study by Coyne and Orr (2004), dyed pollen was
used to show pollinator isolation between red and white camp®ilené dioicaandS.
latifolia), which overlap in some pollinators. The strength of the reproductive barrier
between the red and white species was found to be ca. 0.45, where 0 is no pollinator

isolation andneis complete assortative isolation (Coyne and Orr, 2004).
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A) T. erecturdistribution B) T. vaseydistribution A). sulcatundistribution

D) T. flexipedistribution E). rugeliidistribution F) T. similedistribution

Figure 4. Geographic distributions Bifillium Erectum complex taxa.

Rationale for Study

There is no immediate concern for the conservation of frrdBtim species since
they are fairly abundant within their rang¥et because of their small ranges some
speciear e | i sted as dr ar e, drillifinh dmilessdidteel ase d, 0 or
Airareo in both NC and S eéndglobal stagipG3cvulreesableo f ¢ o
(Weakley, 2010; NatureServe, 2010yillium sulcatum s a fAspeci es of col
and the global status is G4 (Weakley, 2010; NatureServe, 20iilum rugelii is on

the NC Watch List and | isted as Arareo in

It is important to consider how likelyis that even the healthiest populatiarfis

all speciesvill be maintained in light of present day circumstances, sudisaga
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canadensislie off and climate changélhese circumstances have the potential to cause
dramatic shifts in the ecological fres that effect Trillium species in eastern forests
(Eschtruth et al., 2006; Crookston, 2018)jnceTrillium species are extremely difficult
to cultivate from seed, many are poached from the wild. Deer herbivory is one of the
most prominent threats @illium populations, and management of deer herds could
mitigate any further harm (Vellend et al., 2003; Case and Case, 1997). Some species
have an exceptionally small range that covers areas susceptible to human development
(i.e. habitat losy and somepecies have small, fragmented populations that may be

sensitive to loss of genetic diversity from the loss of populations and/or suitable habitat.

It is alsoimportant to considehatTrillium species are managed by state and
federal organizations acabng to current taxonomic delineatiodsere is the possibility
that these delineations are too narrow and do not include all interbreeding populations. In
other words they would not include all the individuals (or all of the genetic diversity)
necessaryo sustain a minimum viable populati@amdmanagement decisiobssed on
this could be detrimental to species diversity and population héalttuate these
species nowwhile they are still in sustained populatipaadwe can determine what
ecologicaland geographical features vital to maintagndiversity, seems wisdf these
species d become endangereniplogiststhe current body of knowledge, regarding
Trillium life history characteristics and gene flow among and within taxa, is inadequate
for creating proper management plahss recommended that information about genetic
diversity within and among taxa be used to guide conservation science (Leadlay and Jury

(2006).
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Key barriers thainfluence genetic diversity within and among tax&aealthy
populationseed to be examine®dnce evaluated, thismowledgewould also not only
provide valuable information to tteeientificcommunity for the subgendsillium, but
also contribute to the overall body of knowledge regarding biogeography in ttieeBou

Appalachians and to speciation mechanisms in general.

Study Site

The Southern Appalachian Mountains contain the highest divefsTllium
taxa in North Americamakingthis an ideal place to study the relationships and gene
flow among sympatripopulations.Field sites were chosen based oeittlsolation from
anthropogenic disturbanceopulation siz€25-100 individuals) andabundance of
Trillium taxapresent.Sites includedStanding Indian Wildlife Management Ardddcon
County,NC N34.9992, W-83.46778), Balsam Mountain PresefJackson County, NC
N35.39,W83.2, Wolf Creek Watershed area (Jackson County, NC), Great Smoky
Mount ains National Park (Swain County NC,
County, TN N35.66833, W83.4725), Fozenhead State Park (Anderson County, TN
N36.256, W84.4690), Chattahoochee National Forest Chattooga district Black Rock
Mountain StatePark(Rabun County, GAN34.908146W -83.40953%, Sumter National
Forest Whetstone district, Whitewater Falls a@agnee County, SC N34.8619-W
83.1919), Western Carolina University picnic area (Jackson CountyNB&315632,
W-83.188382) Nantahala Gorge along Hwy 64 (Swain/Madison Counties,NNC

35.335304 W -83.622677. Since these taxa are known to hybridizeative populations
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with parapatric sister taxa, individuals from the interior and the perimepapoidations

were collected.
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CHAPTERTWO: POLLINATOR ISOLATION

Objective

The objective to this portion of the study is demtify extrinsic interspecific

mating barriers pertaining to pollinator fidelity

Hypothesis

| hypothesize that assortative mating or floral constancy based on flower color is
exhibited by pollinatorsandprovides a potentiddarrier to gene flow between red
flowered and white flowerktaxa. This will be tested by tracking the distribution of
marked pollen and by pollinator observatioishis is true then | would expect to seae a

insignificantamount of pollen transferred between red and white flowers.

Materials and Methods

Pollinabor observations were attempted by performing observations of patterns of
floral constancy among taxa and individuals. Visual observations of pollinator behavior
were made to see if pollinators would consistently visit flowers of a similar type. Two
10m x 0m plots in Balsam Mountain Preserve, Jackson County, NC, were used to test
for floral constancy by tracking dyed pollédne plot was done in April 2009 and the
second in May 200Histochemical dyes were injected into the anther ffaps to
dehiscencgthe pollen grains absorb the dyes (which are visible to the naked eye) (Kearns
et al., 1993)Twenty-eight individuals of each white taxa and each red taxa in both plot

had their anthers stained. The first plot contaifgplandiflorum(stained orangegnd
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T.erectunq(stained blue)the second platontainedT .erectun(stained blue)T.vaseyi

(stained green), antrugelii (stained magenta].he second plot contained two red

species and only one white species but frequency of red and white individuals was
similar. After two weeks of pollinator activity (to allow for pollen tube growth) the

stigmas were collected and analyzed. We were only able to collect data from half of the
individuals in one plot. One plot was highly disturbed and most individuals ledrbyp

hikers; the other plot was in a more remote drainage but there was a high amount of
insect herbivory on the anthers and stigmas. Quantitative eéatseored for the

different colors of pollen seen on each stigma and the approximate percenteaes of
presentA chi-squared contingency table was used to test the significance of cross

pollination among taxa and among different colored taxa.

Results

Eight out of 45 stigmas collected contained pollen from an individual with a
different petal colof18%, Table 2Appendix B. The resulting test statistic w3 =
16.2(df=1, p=0.05, x=3.8%; therefoe werejectthe null hypothesighat pollination was
randombetween red and white flowered individuals. Eight of 30 stigmas (27%) collected
contained pllen from an individual with the same color flower but from a different
taxon. The resulting test statistims X2 = 3.27, df=1, P=0.07, therefore ve fail to reject
thehypothesighat pollination was randoimetween different taxaf the same flower
color. During the course of this study approximately 12 hours of observations were done
to try to confirm the types of pollinators that were described by Barksdal8)(193
LepidopteraHymenopteradnts, carpenter bees, bumble bees, sweat dedsarpenter

ans), and several speciéglonging to the order Aranea@re all observed in or on
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Trillium reproductive organ&@lthough the spiders were never observed moving from one
plant to another) Another interesting observation is that while it has been repthrégd
some insects eat the elaiosome from the s@alsz, 1999) there was not a large
amount of insect herbivory on the ovary itself. By mid to late June, all or at least some
part of the petals, stigmas, styles and stamen had been eaten from aénpst ev
individual, yet most of the ovaries were untouched.
Discussion

The lack of significanpollen dispersaio plants of differentloral colorsuppors
assortative mating betwedifferent color forms of thesaxa. The datalsosupports a
higher signficance ofpollinationby flowers within the same color petals opposed to
random pollination This suppowd the hypothesis that similar coloreakaare genetically
isolated by an incomplete and unstable extrinsic barrier, assortative mating via pollinato
Also, when you consider that these taxa are considered to be separate species it is
interesting to note that the degree of cross pollinatioong alltaxa at least as judged
by the presence of neself pollen on the stigmas significant(X?= 7.2, d&1, P=0.007).
The presence of pollen from other taxa&sloot confirm cross fertilizatioffhe
germinationof neither conspecific ndreterospecifpollen was able to be observed so
there is no data on the successful fertilizatioplahts pollinated byanspecific pollen
verse plants pollinated mther taxa. Since hybrids are known to form in the wild, it is
known that cross fertilization occurs. But since it is not known if all pollen, conspecific
and from other taxa, is equally as likely to germinatannotbe assumed that assortative

mating via pollinators is the only mechanism acting as a barrier to gene flow.
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CHAPTER THREE: GEOGRAPHI@AND ECOLOGICAL ISOLATION

Objectives

The objectives of this portion of the study are¢atoe an exploratory loo&t
identifying extrinsic interspecific mating barriers pertainingyeographic isolation and
dissimilarhabitatcharacteristicand quantifying the relationship betwegyotential

geographic and ecologicalating barriers witlthe presence of certain taxa

Hypothesis

| hypothesiedthat taxaof the same flower coldn the Erectum compleare
found indifferent habitat types, occupy separate ecological niches, or have substantial
geographical barriers between them that minimize introgression betweelf thisas
true then | would expect to obsersgbstantiadifferences in the habitats of taxa with the
same floral type. These differences in habitat preference might include mutually
exclusive conditions pertaining to geologic formation, watershedagegrecipitation,

average temperature, soil type, or forest type.

Materials and Methods

Initial observations were made bpteringknown locations of all six taxa from
herbarium data and field site collection data into a GIS shape file fonpattedover a
US thematic base mapand then overlaying layers of USGS datdemperaturg
hydrology, topography, and geologic formation/soil tgag¢a Values for eaciSGS

category at each plant location were extracted using Spaizdyst (ArcGIS ver. 9.3.1,
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2009 Redlands, CA: Environmental Systems Research Instantepppended into a
table. The data were analyzed inR A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. ISBRO®5107-
0) by creating aMulticategoryLogit Regression mod¢Agresti, 2007)and calculating
an Analysis of Deviations table (ANOV#Inction in R, then formingeffect plotsthat

show the probability of a member of each taxon being located in each habitat condition.

Results

Values extracted from USGS data layers for geologic formation, watersheds,
average precipitation, average yearly temperature, soil type, and foreateysted in
Table3 (Appendix Q. The Tennessee Riveutlined the border between the ramsgef

same colored species (Figure 5).

Figure 5: Countytevel distribution maps depictiren example ofieographic
isolation between taxa. The map to the left depicts geographic isolation between two red
flowered species; the red bloclkepresents the distribution ©f sulcatumand the orange
blocks represents the rangelofvaseyi The map on the right depicts geographic
isolation between two white flowered species; the green blocks represents the range of T
flexipes and the blue bltks represents the rangeTofrugelii. The center map shows the
Tennessee River in blue.
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An ANOVA Analysis of Deviance Tlale was calculated in R (Tablg. 4'he
analysis showthat there is a significant amount of deviation between the habitat

characteistics of species in three categories: average precipitation, watershed, and

geologic formation.

Table 4:Analysis of Deviance Table (Type Il tests).
Significance codes: 0 "** 0.001 **' 0.01"*' 0.05''0.1"'"'1

Variable Chi Sqg Value P value Siginificance

Avg. Temp. 4.924 6 0.5535946 ns
Avg._Precip. 23.183 6 0.0007374 *hk
Watershed 33.953 12 0.0006862 *kk
Forest_Type 8.285 18 0.974 ns
Geologic_Formatio 143.53 72 1.14E06 rkk
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Avg. Temp. effect plot
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Figure 6. The Yaxis represents the probabilityfoiding each species based upon the
average yearly temperatulia degrees Fahrenheij a location (Xaxis).The lines

within the box for each species are actual values recorded.

The data in Figure 6o not show a significandeetweerparticularhabitat
temperatureand the probability of find'. flexipesT. rugelii, T. erectunvar. album and
T.simile The data do show that there is a higher probability of fin@lireyectunin
locations with lower average temperatures and of findlingseyin locations with

higher average temperatures.
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Geologic_Formation effect plot
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Figure 7. The Yaxis represents the probability of find each species based upon the geology type

of a location (Xaxis).

The data in Figure 7 show a low degree of probability of findiniiexipesT.
rugelii, T. erectunvar.album andT.similein one particular geologic formation over
another. The data also shows a high probability of findingseyandT. erectunover

particular and opposing geological formations from one another.
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Watershed effect plot
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Figure 8. The Yaxis repreents the probability of finding each species based upon the watershed,

theXaxi s, in which it was |l ocated (ANewoO stands

The data in Figure 8 show a higher probabilityrofaseybeing in the Neuse
watershed, of. erectunof being in the New River or Savannah watersheds, afd of

simileandT. rugelii of being in the Savannah watershed over the others.
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Figure 9. The Yaxis represents the probability of finding each species based upon the average
amount of precipition recordedn inches the X-axis, where it is located.he lines within the

box for each species are actual values recorded.

The data in Figure 9 show a higher probability of findingugelii in locations with
lower average precipitation. The prob#libf finding T. erectumin a location increases

as the average precipitation increases.



